NCMV particles surrounded by a membrane have been observed in the cytoplasm of mesophyll and phloem cells but not in the nucleus24,31). Barley yellow striate mosaic virus (BYSMV) in Italy2) has been regarded as a synonym of NCMV based upon similarities of host range, vector species and morphology of virus particles28).
Francki6) has also suggested that BYSMV might be a synonym of NCMV.
Conti and Appiano3) reported the presence of inclusions (viroplasm) in the cytoplasm of BYSMV-infected barley cells. Similar inclusions were also observed in the case of NCMV. The present paper describes results of a detailed study of NCMV in wheat plant cells, with particular emphasis on the development of virus particles and cytoplasmic inclusions following virus inoculation.
Materials and Methods
Seedlings of wheat (Triticum aestivum L. cultivar. Fujimi-komugi) at the first leaf stage were inoculated with NCMV by caging viruliferous planthoppers, Laodelphax striatellus Fallen, for one day at 25C. After removal of the insects, the inoculated seedlings were held in a biotron at 20C under natural light.
Small chlorotic spots, an early symptom of NCMV, appeared on the developing 2nd leaf on 4th day after inoculation.
Portions of the 2nd leaf were sampled at 2, 3, 4, 6 and 8 days after inoculation.
Samples of young 3rd leaf, showing distinct mosaic symptoms, were collected on the 10th and 20th day after inoculation.
Small pieces of excised tissue from the leaves were fixed for 3 hours in 5% glutaraldehyde prepared in 0.1 M phosphate buffer at pH 7.0 containing 0.2M sucrose, and followed by several washings in 0.1M phosphate buffer during an over night period. Thesections were postfixed for an hour in buffered 1% osmium tetroxide, dehydrated in a graded series of ethanol and embedded in resin (Epoxy 812).
Leaf samples from healthy wheat plants representing similar leaf stages were collected and prepared in the same manner.
Thin sections were cut on an LKB ultratome, stained with uranyl acetate and lead citrate, and examined with either Hitachi HU-12 or JEM 7A electron microscope.
Results

Development
of virus particles in the wheat plant after inoculation NCMV was found in 3rd and 4th day samples, but only rarely in 2nd day samples. A few 4th day samples showed progressive profiles of virus accumulation, and most provided good information regarding early stage formation of virus particles. In these samples, virus particles were found either confined to some phloem cells or to both phloem and adjacent mesophyll cells.
It seems that viruses first appear in well developed phloem rather than in developing ones. Leaf samples of the 6th day or later showed more advanced profiles of virus accumulation, but no striking differences in development were seen among samples taken at 6, 8, 10 and 20 days after inoculation.
In 10 and 20-day leaf samples, viruses were found in all cell types including phloem parenchyma cells, sieve elements, companion cells, developing xylem cells, mesophyll cells, guard cells and epidermal cells.
Necrotic cells were rarely observed even in the phloem of leaves at later stages of infection, but the cytoplasm of most cells of the phloem were frequently filled with virus particles and inclusions or slime-like material. 3, 25, 26) .
Developmental profiles of the VpA of NCMV suggest a possibility that the VpA of NCMV might be an expression of cytopathogenic effects by virus infection.
In order to clarify the relationship of the inclusions in NCMV infected cells to virus assembly or synthesis of viral components, it is necessary to conduct cytochemical and autoradiographical tests. Another outstanding feature of NCMV infected cells is proliferation of Golgi vesicles.
These vesicles were especially abundant in cells of the vascular system and sometimes guard cells.
The vesicles disappeared as leaf stage progressed. In phloem of various non-infected plants, Esau4) described that Golgi bodies (dictiosomes) are generally most abundant in young cells of phloem in which the wall is still growing, and disappear or are reduced in number when wall growth is completed. In some cases, abundant vesicles protruding from Golgi apparatus of young sieve elements have been observed4).
When the numbers of Golgi apparatus and vesicles were compared with those of infected wheat plants, Golgi vesicles were more abundant in infected plants.
It appears that the abnormal increase of vesicles is due to virus infection.
Whaley et al. 33 ) also reported that the number of small Golgi apparatus-associated vesicles seems to vary with cell activity. No evidence has been obtained for the role of these vesicles in NCMV multiplication or the synthesis of membranes such as ER which seems to be necessary for NCMV assembly.
Northcote and Pickett-Heaps21, 22) showed clearly that Golgi vesicles in plant cells are involved in the synthesis of cell wall polysaccharides.
NCMV infection causes stunting of host plants.
Cell elongation is strikingly suppressed in stunted leaves30). 
